We evaluated the Vitek GNI؉ and Becton Dickinson Crystal E/NF identification systems for their ability to accurately identify 619 and 626 strains, respectively, of members of the family Enterobacteriaceae and other glucose-fermenting and non-glucose-fermenting gram-negative rods. All strains tested were taken from a stock collection and passed three times on 5% sheep blood agar prior to testing. These strains represented a more rigorous challenge to both systems than one resulting from the testing of consecutive clinical isolates. Testing with both systems was done according to the manufacturers' instructions, and tests were repeated in duplicate when errors occurred. Vitek version 5.01 and Crystal version 3.0 softwares were used for identifications. The identification results from each system were compared with identifications previously determined with reference biochemicals. At the completion of the appropriate incubation period, the GNI؉ and Crystal systems correctly identified 80.1 and 71.1% of the total isolates, respectively. After additional tests suggested by the software programs were completed, the GNI؉ had an accuracy of 87.6% and the Crystal system's accuracy had improved to 87.9%. The error rates for the GNI؉ and Crystal systems were 6.5 and 5.3%, respectively. A report of "no identification" was given for 6.0 and 6.9% of the isolates, respectively, and was associated with no particular organism group. One isolate each of Acinetobacter lwoffii and Vibrio alginolyticus would not grow in the Vitek card. The average times to detection for correct enteric identifications in the GNI؉ system were 4.1 and 6.8 h for nonenteric identifications, while the Crystal results were routinely read at 18 h. We conclude that there was no significant difference (P > 0.05) between the results of the GNI؉ card and those of the Crystal E/NF system after additional testing was performed with the group of organisms tested, but the overall accuracy for both systems in this study was below 90%.
The current trend toward managed health care and limited resources carries with it demands for more cost-efficient methods while maintaining quality. The clinical microbiology laboratory is not immune to these demands. Rapid, accurate identification of an etiologic agent could lead to more precise, less costly empiric therapy, especially if the susceptibility profile of the agent is known. Therefore, manufacturers have attempted to develop identification products that result in faster or more economical identifications. This study compared the accuracy of two commercial identification systems, the Vitek 32 (bioMérieux Vitek, Hazelwood, Mo.), with its newly released GNIϩ card, and the Crystal Enteric/Non-Fermenter ID panel (Becton Dickinson Microbiology Systems, Sparks, Md.), to accurately identify members of the family Enterobacteriaceae as well as additional oxidase-negative and oxidase-positive, glucosefermenting and non-glucose-fermenting gram-negative bacilli with the accuracy of conventional biochemicals.
(Part of this research was presented at the 97th General Meeting of the American Society for Microbiology, Miami, Fla., 4 to 8 May 1997.)
MATERIALS AND METHODS
Identification systems. The Vitek 32 is a fully automated system designed to render an identification of gram-negative bacilli within 2 to 12 h. The GNIϩ card is a modification of an existing gram-negative identification card (GNI). The new Plus card contains the same basic substrates, but the manufacturer states that the formulations have been optimized to accomplish more accurate and more rapid reporting. The card contains the following 30 substrates: 2,4,4Ј-trichloro-2Ј-hydroxydiphenylether, tryptophan, acetamide, esculin, indoxyl-␤-D-glucoside, urea, citrate, malonate, polymyxin B, p-coumaric, sodium thiosulfate, lactate ferrous sulfate, ␦-nitrophenyl-␤-D-galactopyranoside, isopropyl-␤-D-thiogalactopyranoside, lysine, arginine, ornithine, proteose peptone, glucose, lactose, maltose, mannitol, xylose, raffinose, sorbitol, sucrose, inositol, adonitol, rhamnose, and L-arabinose. Once the saline suspension of the organism is standardized, the inoculation of the card is automatically performed in the filler module. The Vitek GNIϩ card was used with Vitek version 5.01 software.
The Crystal Enteric/Non-Fermenter ID panel is a manual system designed to identify gram-negative bacilli in 18 to 20 h. This system contains the following 30 substrates:
arabinose, mannose, sucrose, melibiose, rhamnose, sorbitol, mannitol, adonitol, galactose, inositol, esculin, urea, glycine, citrate, malonate, tetrazolium, arginine, and lysine. The Crystal panel is manually inoculated with a saline suspension of the organism. It was used with the ID System Electronic Codebook, version 3.0.
Reference method. Each strain identification generated by a product was compared with the identification obtained by using reference biochemical tests, as performed at the Centers for Disease Control and Prevention (CDC) (2, 4, 5, 11) . Commercial media were used wherever possible.
Culture collection. Because of differences in database construction, 511 biochemically typical and atypical members of the family Enterobacteriaceae and 108 oxidase-positive and oxidase-negative glucose-fermenting and non-glucose-fer-menting gram-negative bacilli from the stock culture collection of the CDC were used in the Vitek GNIϩ; 499 and 127 strains, respectively, were used in the Crystal E/NF (Table 1) . This assortment contained strains that were typical of those found in hospital microbiology laboratories as well as biochemically atypical strains. All strains were of human origin. This set also contained larger numbers of genera and species not likely to be found in routine work, but which were contained in the database of each system, thereby presenting a true challenge to the two systems.
All isolates were taken from either room temperature (enteric organisms) or storage at Ϫ70°C (non-glucose-fermenting organisms) and passed three times on Trypticase soy agar with 5% sheep blood (TSA II; Becton Dickinson Microbiology Systems) before use. Both systems were inoculated from the same blood agar passage. Although not instructed to do so in the manufacturer's directions for the Crystal system, we calibrated each organism suspension to a 0.5 McFarland standard by using a Dade turbidity meter (Dade International, MicroScan Division, West Sacramento, Calif.) to ensure consistency among inocula. The directions for the GNIϩ system require calibration of the bacterial suspension to match the "blue" range on a Vitek colorimeter, generally acknowledged to equal a 1.0 McFarland standard.
Because the authors' laboratory has a Vitek 32 system, we used the sealer plugs for the cards instead of the traditional hot knife sealer of the larger models.
Additional tests. The tests listed by each manufacturer for the completion of an identification were performed with conventional biochemicals by the methods in use at the CDC (4, 5, 11) . Additional tests for the GNIϩ card include 59 commonly used biochemical tests plus staining for flagella and Salmonella and Shigella serology. Tests for indole, hanging drop motility, or confirmatory serology were not considered additional tests because they did not require overnight incubation. Additional tests for the Crystal system include nitrate reduction; Voges-Proskauer reaction; methyl red; motility; gelatin liquefaction; DNase; H 2 S; arginine dihydrolase; ornithine decarboxylase; fermentation of xylose and cellobiose; polymyxin B susceptibility; growth at 42°C; urea; oxidative-fermentative formulations of glucose, fructose, mannitol, mannose, and xylose; growth on MacConkey's agar; and phenylalanine deaminase, as well as catalase and staining for flagella. Incubation times do not exceed 48 h.
Definitions. The category of "correct" implies that the organism was identified correctly to the genus and species. "Correct after additional tests" means that a system gave the correct genus and species after additional testing as recommended by the manufacturer. "Error" indicates that the incorrect genus and/or species was given as an answer if the system database includes the species being tested. A classification of "no identification" indicates that no identification was given by the system or that the system gave a choice of multiple answers that were unresolved by additional testing.
Tests were repeated in duplicate when a response other than "correct" occurred.
Statistical analysis. Results were evaluated by chi-square analysis with Yates' corrected coefficient to arrive at a P value. Table 1 shows the results of testing members of the family Enterobacteriaceae in both systems, and Table 2 shows the test results for the additional oxidase-negative and oxidase-positive glucose-fermenting and non-glucose-fermenting gram-negative bacilli. Table 3 is an overview of the accuracy of each system with the two sets of strains.
RESULTS AND DISCUSSION
Vitek GNI؉. Table 4 lists the errors in enteric identification, and Table 6 lists the errors in the additional glucose-fermenting and non-glucose-fermenting strains compared to their reference identifications. Of the 32 errors in enteric identification, 24 had probability levels of 88% or higher. The remaining eight enteric errors were at much lower percentages of probability, having been achieved only after additional recommended tests had been performed. All seven isolates of Salmonella were misidentified at levels of probability Ն91%. At this level of reported accuracy, the user may not suspect an error and an incorrect report could be rendered.
The GNIϩ cards are simple to inoculate, safe to use, and are a totally enclosed system with no reagents to add. We believe that the sealer plugs that are necessary on the Vitek 32 are also a time-saver over the hot knife sealer of the larger systems.
One of the reasons for developing the GNIϩ card was to decrease the time required to identify an organism. The average times to detection were 4.1 h for the Enterobacteriaceae and 6.3 h for the oxidase-negative and oxidase-positive, glucose-fermenting and non-glucose-fermenting organisms. Of the 499 enteric strains, 47% were identified in 3 h or less. This is faster than the tests in either the study by Moss et al. Crystal E/NF. Table 5 lists the errors in enteric identification, and Table 6 lists the errors in identification of the additional glucose-fermenting and non-glucose-fermenting strains compared to their reference identifications. The nine new genera of Citrobacter are not included in this version of the database. When we tested two strains of the new genera, the panel a "No identification" (No ID) is a report option that is neither an "error" nor "correct," although the genus and species are listed in the database. Since this option does not misidentify an organism, we chose to include this response in the "correct" category for illustrative purposes. designated one strain as Citrobacter freundii and the second strain as "no identification," both of which would be considered acceptable answers with the current database. A major problem exists with Klebsiella ornithinolytica, because ornithine, a key test in identifying this organism, is not on the panel and differentiation from Klebsiella oxytoca depends solely on the p-nitrophenyl-N-acetyl glucosamine reaction. In this study, 9 of the 10 strains were misidentified as K. oxytoca because of a false-negative p-nitrophenyl-N-acetyl glucosamine reaction.
Of the three Aeromonas hydrophila strains, one was identified after supplementary testing, and two gave a "no identification" result. Both Flavobacterium odoratum strains were correctly identified after additional testing, as were three of four Pseudomonas aeruginosa strains and three Pseudomonas fluorescens strains that had remained unidentified at the end of the initial incubation period.
As with the GNIϩ card, the Crystal product is simple to inoculate and safe to use. After the two-part lid and base are snapped together, it is a totally enclosed system with no chance of contamination of the panel or of anyone handling it. We found it necessary to use wooden applicator sticks to pick the colonies for suspension. The use of a cotton swab absorbed so much of the inoculum fluid that there was insufficient fluid remaining to properly inoculate the panel. To accomplish the required humidity level of 40 to 60%, it was necessary to insert each set of two trays of inoculated panels into a plastic bag along with a piece of damp paper towel, after which the bag was closed with a twist tie.
After incubation, the Crystal system does not require the addition of reagents.
Once the 10-digit profile number is compiled, it is necessary to use either the traditional profile codebook or a computerbased electronic codebook to obtain an identification. This study used an electronic codebook.
If a result of "no identification" is rendered, the user is able to access "statistics" on the menu bar. This choice gives the user the top three likely identifications with both biotype validity and confidence values. The biotype validity number is a measure of the nearness of fit between the user's result and a hypothetical best-fit profile number (1). The software instructions clearly state that "a value [biotype validity number] greater than 250,000 will seldom be associated with a choice that should be given any consideration." Even with values Ͻ250,000, a confidence value is given. These values are often Ն0.9, which would indicate a high degree of certainty for that identification, but this clearly could be misleading to the user. The software instructions also state "The direct use of these statistics to report identifications is not part of the Crystal Identification System." If this is true, perhaps this portion of the software should not be available to users.
If the confidence value is Ͻ0.9 for a given identification, the "differentiation database" may be used for supplementary testing to arrive at an identification. Of the 43 "no identifications" in our study, 8 were the result of insufficient supplemental tests to differentiate between two of the three choices for an identification. Often "?" replaced a known result for a particular test in the on-screen differential tables.
Other evaluations of the Crystal E/NF have reported accuracies ranging from 47 to 97% after initial incubation and error rates as low as 0.8% (6, (8) (9) (10) . The numbers and identifications of strains that were tested in those studies more closely represent the assortment of organisms found in clinical laboratories on a daily basis than do the organisms used in this study. It is highly probable that the accuracy of the Crystal system that we report is lower because we tested a variety of strains that contained some very atypical reactions. Many of these atypical strains were, in fact, correctly identified by the system. Another contributing factor to the lower accuracy of the Crystal system as reported by us could be the fact that this study did not include more than 8% of any single species. This is in contrast to the studies by Robinson et al. (9) and Wauters et al. (10) , which included, for example, 20 to 28% Escherichia coli strains and 26 to 61% P. aeruginosa strains. Table 7 shows data relating to the cost of supplies and labor necessary for each system. There is no capital investment for the Crystal E/NF system; the light box necessary to read the panels has a list price of $270.40. The codebook which is used to look up a profile number costs either $81.10 for a printed version or $270.40 for the electronic (computerized) version. In this study, we utilized the Dade turbidity meter to calibrate our inocula. If a laboratory were to utilize the BBL CrystalSpec nephelometer, the purchase price is $575.00. The initial investment for a Vitek 32/bioLiaison system which includes a filler-incubator-reader unit, CC computer, terminal, and printer is $39,500. This price does not include epidemiology or pharmacy software.
The cost data in Table 7 are list prices and do not include any contract or quantity discounts to which a laboratory might be entitled, nor do they include the cost of any additional biochemical testing which might need to be performed.
Data from a time-motion study compared the hands-on time for each system. For the Crystal E/NF system, 22 min was required to gather all materials, make the suspensions, perform oxidase and indole spot tests, and inoculate 10 panels. While the addition of reagents is not necessary with the Crystal system, 20 min was required the next day to read the panels and then enter the profile numbers into the electronic codebook to obtain the answers. For the Vitek system, 20 min was required to gather materials, make the suspensions, and set up the 10 cards. Filling, plugging, and loading of these cards required an additional 9 min. The reports were automatically generated upon completion of card processing, and there were no daily maintenance requirements.
In this study, at the end of the initial incubation period, the Vitek GNIϩ card was significantly better (P Ͻ 0.05) than the Crystal E/NF system in its ability to correctly identify enteric organisms. However, when oxidase-negative or oxidase-positive, glucose-fermenting and non-glucose-fermenting organisms were tested, there was no significant difference between the two systems. Neither system achieved a 90% accuracy level, even with additional testing, which could be a concern to laboratory staff.
